Background: A number of trials have examined the effects of self-guided psychological intervention, without any contact between the participants and a therapist or coach. The results and sizes of these trials have been mixed. This is the first quantitative meta-analysis, aimed at organizing and evaluating the literature, and estimating effect size.
Introduction
It is well-established that self-help interventions can have positive effects on symptoms of depression [1] [2] [3] [4] , anxiety disorders [5, 6] , sleep problems [7] , headache [8] , and many other healthrelated problems [9] . Most research on self-help interventions has focused on guided self-help, in which a professional therapist or coach supports the patient when working through the treatment. A considerable number of studies and meta-analyses have found that guided self-help for depression is effective compared to untreated control conditions [1] [2] [3] 5] and that it may be as effective as faceto-face treatments [10] .
Whether self-guided psychological treatment without therapist support is also effective has been examined in a considerable number of studies, but the results are mixed. Some studies do find small, but statistically significant effects [11, 12] , whereas others do not find any effects [13, 14] If the effects of self-guided psychological treatments are small, however, it is very well possible that individual studies do not have sufficient statistical power to detect such small effects. With the help of meta-analyses with sufficient statistical power it may be possible to detect reliable small effects.
A few earlier meta-analyses have examined the effects of selfguided psychological treatment. One meta-analysis was focused on Internet-based treatments of depression and anxiety, and found a small but significant effect [6] . However, this study was aimed at both depression and anxiety, and included only two studies on selfguided psychological treatment for depression. Another metaanalysis was aimed at therapist guided self-help as well as selfguided psychological treatment [1] , and included a considerable number of studies. However, that study was aimed at identifying predictors of outcome of self-help treatments and did not examine nor report outcomes for self-guided therapy. Moreover, the study did not examine heterogeneity in studies on self-guided psychological treatment, or possible moderators and publication bias. It also included studies in which participants had high levels of stress or anxiety. Finally, a recent meta-analysis on computerized treatments for depression included studies on guided and unguided computerized treatments [15] , but did not include other self-help studies and at least three additional studies have been published following the search period for that meta-analysis.
In conclusion, self-guided psychological treatment has been stimulated recently by the growth of the Internet, and many new studies on Internet-based self-guided psychological treatment have been conducted in the last few years. Moreover, while there have been studies and meta-analyses on guided self-help treatments there has been no systematic review or meta-analysis on self-guided unsupported psychological treatment for patients with depressive symptoms. The aim of this study was to conduct such a meta-analysis.
Methods

Identification and selection of studies
We used an existing database of randomized controlled trials on the psychological treatments of depression. This database has been described in detail elsewhere [16] , and has been used in a series of 25 earlier published meta-analyses (www.evidencebasedpsychotherapies.org). The database is continuously updated through comprehensive literature searches (from 1966 to January 2010). In these searches we examined 10,346 abstracts in PubMed (1,831 abstracts), PsycINFO (2,943), Embase (3, 087) and the Cochrane Central Register of Controlled Trials (2,485). These abstracts were identified by combining terms indicative of psychological treatment and depression (both MeSH-terms and text words). Details of the search strings are presented in a previous study [16] . The full search string for PubMed is presented in Appendix S1. We also checked the primary studies from 42 previous meta-analyses of psychological treatment for depression to secure that no published studies had been missed (www.evidencebasedpsychotherapies.org).
We included studies examining the effects of a self-guided psychological treatment on adults with a depressive disorder according to a diagnostic interview or an elevated level of depressive symptomatology (as indicated by a score above a cut-off score on a validated self-report depression scale like the Beck Depression Inventory). We included only randomized trials in which a self-guided psychological treatment was compared with a control condition (waiting-list, care-as-usual, or placebo). Therapies had to be fully self-guided, so without any contact with a therapist, coach or research assistant during the treatment. This meant that studies in which telephone support was given were excluded, even if the support was not of a therapeutic nature [17] . The selection of the study was conducted by the first author.
We excluded studies in which participants did not have to have some level of depressive symptoms at baseline [18] [19] [20] , studies aimed at stress reduction [21] [22] [23] , and studies that also included patients with anxiety disorders but did not report separate outcomes for the depressed subsample [24, 25] . We also excluded studies on children and adolescents below 18 years of age and studies on inpatients. Comorbid general medical or psychiatric disorders were not used as an exclusion criterion. No language restrictions were applied.
Data abstraction from the studies was conducted by the first author (PC), and checked by the fifth author (AvS).
Quality assessment
We assessed the validity of included studies using four criteria of the 'Risk of bias' assessment tool, developed by the Cochrane Collaboration [26] . This tool assesses possible sources of bias in randomized trials: Sequence generation (the method used to generate the allocation sequence is given in sufficient detail to allow an assessment of whether it should produce comparable groups); allocation concealment (the method used to conceal the allocation sequence in sufficient detail to determine whether intervention allocations could have been foreseen in advance of, or during, enrolment); blinding of participants, personnel and outcome assessors (all measures used to blind study participants and personnel from knowledge of which intervention a participant received); Incomplete outcome data (assessment of the completeness of outcome data for each main outcome and whether all randomized patients were included in the analyses). The quality assessment was conducted by two independent reviewers (PC and AvS), and disagreements were solved by discussion.
Meta-analyses
For each comparison between self-guided psychological treatment and a control group, we calculated the effect size indicating the difference between the two groups at post-test (Cohen's d or standardized mean difference), and the 95% confidence intervals of the effect sizes. Effect sizes were calculated by subtracting (at post-test) the average score of the self-guided psychological treatment group from the average score of the control group, and dividing the result by the pooled standard deviations of the two groups. Effect sizes of 0.8 can be assumed to be large, 0.5 moderate and 0.2 small [27] .
In the calculations of effect sizes we only used those instruments that explicitly measured symptoms of depression. None of the studies used more than one instrument to measure depression. All studies reported means and standard deviations at post-test which allowed us to calculate effect sizes directly, and we did not have to use other statistics to calculate effect sizes (e.g., transformations of p-values).
To calculate pooled mean effect sizes, we used the computer program Comprehensive Meta-Analysis (version 2.2.021). As we expected considerable heterogeneity among the studies, we decided to calculate mean effect sizes using a random effects model. In the random effects model it is assumed that the included studies are drawn from 'populations' of studies that differ from each other systematically (heterogeneity). In this model, the effect sizes resulting from included studies not only differ because of the random error within studies (as in the fixed effects model), but also because of true variation in effect size from one study to the next.
As the standardized mean difference is not easy to interpret from a clinical point of view and so we also calculated the numbers-needed-to-be-treated (NNT), using the formulae provided by Kraemer and Kupfer [28] . The NNT indicates the number of patients that have to be treated in order to generate an additional positive outcome in one of them [29] .
As a test of homogeneity of effect sizes, we calculated the I 2 -statistic which is an indicator of heterogeneity in percentages. A value of 0% indicates no observed heterogeneity, and larger values show increasing heterogeneity, with 25% as low, 50% as moderate, and 75% as high heterogeneity [30] . We also calculated the Q-statistic, but only report whether this was significant or not.
Subgroup analyses were conducted according to the mixed effect model. In this model, studies within subgroups are pooled with the random effects model, while tests for significant differences between subgroups are conducted with the fixed effects model. For continuous variables, we used meta-regression analyses to test whether there was a significant relationship between the continuous variable and the effect size, as indicated with a Z-value and an associated p-value.
Publication bias was tested by inspecting the funnel plot on primary outcome measures, and by Duval and Tweedie's trim and fill procedure [31] , which yields an estimate of the effect size after the publication bias has been taken into account (as implemented in Comprehensive Meta-analysis, version 2.2.021).
We did not publish a review protocol for this meta-analysis.
Power calculation
Based on earlier meta-analyses we assumed that the effect sizes of self-guided psychological treatment were small. Therefore we decided to conduct a power calculation that allowed us to assess whether the included studies had sufficient statistical power to detect such small effect sizes. In an earlier meta-analysis of internet-based self-help therapies [6] , we found that effect size for self-guided psychological treatment was d = 0.26 and a strickingly similar effect size of d = 0.25 was found in our meta-analysis on unguided computerized treatments [15] . We wanted to have sufficient statistical power in our meta-analysis to be able to detect such a small effect size.
We conducted a power calculation according to the procedures described by Bohrenstein and colleagues [32] . The number of randomized patients is typically large in studies on self-guided psychological treatment (because no therapist is involved and some studies are even fully automated, including inclusion and randomization [33] . A power calculation indicated that we would need to include at least five studies with a mean sample size of 200 (100 participants per condition), to be able to detect an effect size of d = 0.26 (conservatively assuming a high level of between-study variance, t2, a statistical power of 0.80, and a significance level, alpha, of .05). Alternatively, we would need seven studies with 150 participants each to detect an effect size of d = 0.26, or ten studies with 100 participants.
Results
Selection and inclusion of studies
In Figure 1 , a flowchart describing the inclusion of studies is presented. A total of 10,346 abstracts were examined, of 1,122 the full texts were retrieved, of which 879 were excluded. A total of 263 trials were identified and included in our database (www. evidencebasedpsychotherapies.org). Seven trials examined the effects of self-guided psychological treatment, met our inclusion criteria, and were included in the current meta-analysis [11] [12] [13] [14] [34] [35] [36] .
Characteristics of included studies
The seven studies included a total of 1,362 respondents (789 in the self-guided psychological treatment conditions and 573 in the control conditions). Selected characteristics of the studies are presented in Table 1 .
In only one study the presence of a depressive disorder was established with a diagnostic interview. In the remaining studies, patients had to score above a cut-off on a self-report depression scale (three studies), or patients had to have a depressive disorder according to the records of the HMO which organised the intervention (three studies).
All interventions were based on cognitive behavioural techniques. Six of the seven studies were internet-based while one study used self-help books. In four studies the intervention was compared with a care-as-usual control condition, while two studies used a waiting list control group (in the remaining study the people in the control condition were advised to contact their general practitioner). Four studies used the Beck Depression Inventory (BDI) or BDI-II as outcome measure, two used the Center for Epidemiological Stu1dies Depression scale (CES-D), and one used the Patient Health Questionnaire (PHQ-8).
In four studies there was no personal contact between the patients and the researchers, while in three studies there was personal contact at baseline (usually for the administration of questionnaires). The attrition in the studies (the percentage of participants that did not fill in the post-test questionnaires) ranged from 5.4% to 45.5%. Three studies were conducted in the United States and four in Europe (two in the Netherlands, one in Germany and one in the United Kingdom). 
Quality of included studies
The methodological quality of the studies was acceptable. In all studies the allocation sequence was generated adequately, the allocation was adequately concealed, and incomplete outcome data were adequately addressed, (in all studies intention-to-treat analyses were conducted with all randomized subjects being included in the analyses). All studies only used self-report outcome measures, and because participants were not blinded this may have introduced bias.
Effects of self-guided psychological treatment compared to control conditions
The overall mean effect size indicating the difference between self-guided psychological treatment and control groups at post-test was d = 0.28 (95% CI: 0.14,0.42; p,0.001), which corresponds to a NNT of 6.41. The effect sizes of the individual studies ranged from d = 20.02 to 0.64, with five of the six studies having a positive effect on depression. Heterogeneity was low (I 2 = 28.73%) and not significant. These results are summarized in Table 2 , and in Figure 2 . The between-study variance (t2) was small (0.01), resulting in considerable statistical power. A post-hoc power calculation showed that our set of studies had sufficient statistical power to detect a significant effect size of d = 0.19. Neither the funnel plot nor Duval and Tweedie's trim and fill procedure pointed at a significant publication bias. The effect size indicating the difference between the treatment and control condition and the effect size after adjustment for publication bias were exactly the same.
There were considerable differences between the characteristics of the studies. Therefore, we conducted a series of metaanalyses in which one of the studies was removed each time. Removal of the study by Salkovskis and colleagues [13] resulted in the largest increase of the effect size (the resulting effect size was 0.31; 95% CI: 0.18, 0.45; p,0.01); with I 2 = 17.63). After the removal of this study, we repeated this procedure and found that the study by De Graaf and colleagues [14] resulted in the largest increase of the effect size (d = 0.35; 95% CI: 0.21, 0.49; p,0.001; I 2 = 8.66%). We repeated these analyses, but this time we did not examine which studies contributed to an increase in the effect size, but to a decrease. This resulted in removal of the study of Meyer and colleagues [11] 
Subgroup analyses
Because the number of studies was very small we conducted only the most basic subgroup analyses ( Table 2 ). As can be seen, we found no indication for a significant difference between studies in which the BDI or BDI-II was used as an outcome measure and the studies in which other outcome measures were used. The studies in which the BDI or BDI-II were used, were also the studies that were conducted in Europe, while the studies using other instruments were conducted in the US. We also found no indication that studies in which care-asusual control groups were used resulted in different effect sizes than studies in which another type of control group was used. The studies that did not use a care-as-usual control condition were the same studies that recruited patients from the general population. We found no significant difference between studies in which there was some personal contact at baseline and those without any contact. The results of these analyses have to be interpreted with caution because of the small number of studies per subgroup and because the characteristics overlapped considerably.
Effects at longer-term follow-up
Six of the seven studies reported outcomes compared to the control group after post-test at longer-term follow-up (one did not [11] ). The longer-term follow-up periods ranged from 4 to 12 The p-value in this column indicates whether the Q statistic was significant or not.
b)
This p-value indicates whether the effect sizes between subgroups differ significantly from each other.
c)
The studies in which the BDI or BDI-II were also the studies that were conducted in Europe, while the studies using other instruments were conducted in the US. d) The studies that did not use a care-as-usual control condition were the same studies that recruited patients from the general population. doi:10.1371/journal.pone.0021274.t002
months. The mean effect size indicating the difference between self-guided psychological treatment and control groups at four to six months follow-up was d = 0.18 (95% CI: 20.01,0.37; n.s.) with zero heterogeneity (I 2 = 0). At eight to twlve months follow-up the effect size was d = 0.27 (95% CI: 0.10, 0.44; p,0.01).
Discussion
In this meta-analysis we found evidence that self-guided psychological treatment has a small but statistically significant effect on participants with elevated levels of depressive symptomatology. At four to twelve months these effects were still significant. Heterogeneity was low in the analyses, and there was no indication of publication bias. Although this finding is based on a relatively small number of studies, they all had relatively large sample sizes and were of high quality apart from the fact that diagnosis of depression was not established. Most individual studies did not have sufficient statistical power to detect a significant effect, but after pooling of the studies the effect size became highly significant.
The NNT of self-guided psychological treatment was between six and seven, indicating that one in every six or seven patients will benefit from such an intervention. Although this may not seem very high, comparable effect sizes NNTs are found in high-quality studies of face-to-face psychotherapies for depression [37] . Furthermore, a system without a coach or therapist does not require a complex and costly structure of professionals, and there is virtually no limit as to how many patients can enter the program, since additional patients will not imply additional therapist time.
The effect size we found was somewhat higher than the one that was found in an earlier meta-analysis of self-help (d = 0.06) [1] . This may be caused by the broader inclusion criteria used in that study, which also included trials focused on stress-related problems and anxiety.
While most studies found small, but positive effect sizes, we found one study that resulted in a small negative result for selfguided treatment [13] . Although heterogeneity was low, and the small effect size in this study may have been a chance finding, it is also possible that other reasons caused this deviation from the other studies. This was the only study in which bibliotherapy with a book was examined, while the other studies examined internet interventions. Furthermore, it was also the only study that was conducted among depressed GP patients. The other studies all recruited patients from other samples.
This study has several limitations. First, the number of included studies was small, although the included studies had a high methodological quality and large sample sizes. This small number of studies limited the possibilities to examine potential moderators of outcome. Second, there were considerable differences between the included studies. Only one study examined self-guided psychological treatment in book format [13] , while the others examined Internet-based interventions. This one study found an effect size of about zero, leaving open the possibility that selfguided therapy is only effective in Internet-based format and not in the book format. This was also the only study in which patients had to meet diagnostic criteria for a depressive disorder. The small number of studies, however, does not allow us to examine whether this is indeed true. Third, while most studies in this meta-analysis included people with an elevated level of depressive symptoms, most did not establish the presence of a depressive disorder with a standardized diagnostic interview. Fourth, outcomes were not assessed by blind outcome assessors, but by self-report instruments. Since patients were not blinded, this may have introduced bias.Our findings do not imply that self-guided psychological treatment can be used in all patients seeking help in mental health care or primary care. The studies examined in this meta-analysis only included patients who were willing to be randomized to a selfguided therapy condition. People who were not interested in selfguided therapy probably did not participate in these trials, which likely resulted in sample bias. This means that self-guided therapy may indeed be effective for some people, but certainly not for all people with depression. Future research should examine who is willing to participate in self-guided psychological and who is not, and if there are differential predictors and mediators of outcome. Another related limitation is that studies fail to report negative outcomes of self-guided psychological treatment. However, there is little empirical support for the notion the self-help in general has unintended harmful effects [38] , but this needs to be investigated further.
Despite these limitations, this meta-analysis has found considerable evidence that self-guided psychological treatment has a small effect on symptoms of depression. We could not establish that unguided psychological treatments work for patients with diagnosed major depression, but even subthreshold symptoms of depression can be treated and hopefully prevent the development of a depressive episode. It may be possible to integrate self-guided psychological treatments as a first step in stepped-care models for depression [39] . Such models often use watchful waiting as a first step, because many depressive symptoms improve spontaneously [40, 41] . Offering self-guided therapy, rather than watchful waiting, as a first step would be easy to implement and may well improve outcomes. For patients who do not respond to self-guided therapy (which will be the case for most patients), more intensive treatment can be initiated as the second step of the program. Moreover, with the recent development of Internet-delivered interventions it may be that automated systems can mimic the role of the therapist and increase the effects of unguided treatment. It could also be that the treatment materials used in unguided treatments could be improved by adding elements to boost the therapeutic elements like the therapeutic alliance.
Another important issue in self-guided treatment is adherence. Although the attrition rates from the studies we found do not differ very much from the rates found in psychotherapy studies in general, the actual use of the treatments by patients was low. For example, in one of the studies it was found that 38% of the patients did not complete the first session, and only 14% completed all sessions [14] . This could be a problem that is aggravated in depression, since anhedonia and loss of motivation are cardinal symptoms of depression. This may suggest that self-guided treatments are especially effective in patients who are very motivated for this kind of treatment and are capable of finishing the intervention without stimulation from an external therapist or coach.
This study showed that self-guided psychological treatment has a small but significant effect on participants with increased levels of depressive symptomatology. The next step is to examine whether such interventions can be implemented in routine practice in a stepped care model and whether the effects found in this metaanalysis will be found in regular clinical settings. We also encourage more research on predictors of outcome and reports of both responders and non-responders to unguided psychological treatment.
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